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(57) ABSTRACT 

An object of the present invention is to provide a honeycomb 
structural body with a long service life, which can reduce a 
pressure loss to a low level upon collecting particulates and 
maintain the pressure loss at the low level for a longtime even 
after regenerating processes. The honeycomb structural body 
includes a columnar porous ceramic block in which a large 
number of through holes are placed in parallel with one 
another in the length direction with a wall portion interposed 
therebetween. Herein, the large number of through holes are 
constituted by a group of large-capacity through holes, each 
of which is sealed at one end of the honeycomb structural 
body so that the total Sum of the areas on a cross section 
perpendicular to the length direction is made relatively great, 
and a group of small-capacity through holes, each of which is 
sealed at the other end of the honeycomb structural body so 
that the total Sum of the areas on the cross section is made 
relatively small, and a surface roughness R., of the wall face of 
the through hole is set in a range from 10 to 100 um. 

15 Claims, 10 Drawing Sheets 
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Cross-sectional view taken along line A-A 
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HONEYCOMB STRUCTURAL BODY 

TECHNICAL FIELD 

This application claims benefit of priority to Japanese 
Patent Application No. 2003-161261, filed on Jun. 5, 2003, 
the contents of which are incorporated by reference herein. 

The present invention relates to a honeycomb structural 
body that is used as a filter for removing particulates and the 
like contained in exhaust gases discharged from an internal 
combustion engine Such as a diesel engine or the like. 

BACKGROUND ART 

In recent years, particulates such as soot contained in 
exhaust gases discharged from internal combustion engines 
of vehicles Such as buses, trucks and the like and construction 
machines have raised serious problems as those particulates 
are harmful to the environment and the human body. 

There have been proposed various ceramic filters which 
allow exhaust gases to pass through porous ceramics and 
collect particulates in the exhaust gases, thereby purifying the 
exhaust gases. 

Conventionally, with respect to the honeycomb filter of this 
type, a filter having the following structure has been proposed 
in which: two kinds of through holes, that is, a through hole 
with a relatively larger capacity (hereinafter, referred to as 
large-capacity through hole) and a through hole with a rela 
tively smaller capacity (hereinafter, referred to as Small-ca 
pacity through hole) are prepared, and the end on the exhaust 
gas outlet side of the large-capacity through hole is sealed 
with a plug, with the end on the exhaust gas inlet side of the 
Small-capacity through hole being sealed with a plug, so that 
the surface area of the through hole with the opened inlet side 
(hereinafter, referred to as inlet-side through hole) is made 
relatively greater than the surface area of the through hole 
with the opened outlet side (hereinafter, referred to as outlet 
side through hole); thus, it becomes possible to Suppress an 
increase in pressure loss upon collecting particulates (for 
example, see Patent literature 1, and FIG. 17 of Patent litera 
ture 2). 

Moreover, another filter has been disclosed in which: the 
number of the inlet-side through holes is made greater than 
the number of the outlet-side through holes, so that the sur 
face area of the inlet-side through holes is made relatively 
greater than the Surface area of the outlet-side through holes; 
thus, it becomes possible to suppress an increase in a pressure 
loss upon collecting particulates (for example, see FIG. 3 of 
Patent literature 2). 

In the case of the honeycomb filter used in filters for puri 
fying exhaust gases, disclosed in Patent literature 1 and Patent 
literature 2, in comparison with a honeycomb filter in which 
the total amount of the surface area of the inlet-side through 
holes and the total amount of the surface area of the outlet 
side through holes are the same, since the Surface area of the 
inlet-side through holes is relatively greater, with the result 
that the deposition layer of collected particulates becomes 
thinner, thereby making it possible to Suppress an increase in 
a pressure loss at the time of collecting particulates. 

Moreover, after having collected a predetermined amount 
of particulates, an engine controlling process is carried out 
through a post injection system or the like to raise the exhaust 
gas temperature and the temperature of a heater placed on the 
upstream side of exhaust gases from the honeycomb struc 
tural body is raised so that, upon burning particulates, the 
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2 
particulates are made in contact with high-temperature gases 
to be easily burned, making it possible to accelerate the burn 
ing speed of the particulates. 

However, in the above-mentioned conventional honey 
comb filters, ashes that remain as dregs after particulates have 
been burnt are accumulated on the wall face of the through 
holes as they are without being moved. For this reason, the 
problems with the above-mentioned structures are that pores, 
formed in the partition wall, are closed and that theashes tend 
to form bridges to cause clogging in the through holes, result 
ing in an abrupt rise in the pressure loss. 

Moreover, in the case of the honeycomb filter shown in 
FIG. 17 of Patent literature 2, as the surface area of the 
large-capacity through holes is made relatively greater, the 
weight of the honeycomb structural body constituting the 
honeycomb filter tends to decrease, resulting in a reduction in 
the thermal capacity and the Subsequent good thermal 
response. Consequently, the burning speed of particulates 
becomes too fast, with the result that ashes are deposited on 
the wall faces of the through holes, as they are, without being 
moved, and the ashes tend to form bridges to cause clogging 
in the through holes, resulting in an abrupt rise in the pressure 
loss. 
Patent literature 1: Patent gazette No. 3130587 
Patent literature 2: U.S. Pat. No. 4,417,908 (FIG. 3, FIG. 17 

and the like) 

DISCLOSURE OF THE INVENTION 

The Problem that the Invention is to Solve 

The present invention has been devised so as to solve the 
above-mentioned problems, and it is an object thereof to 
provide a honeycomb structural body (filter) with a long 
service life, which can reduce a pressure loss to a low level 
upon collecting particulates and maintain the pressure loss at 
the low level for a long time even after regenerating pro 
CCSSCS. 

The Means for Solving the Problem 

The present invention is a honeycomb structural body 
made of a columnar porous ceramic block in which a large 
number of through holes are placed in parallel with one 
another in the length direction with a wall portion interposed 
therebetween, 

wherein 
said large number of through holes comprises: 
a group of large-capacity through holes, each of which is 

sealed at one end of said honeycomb structural body such that 
the total Sum of the areas thereof on a cross section perpen 
dicular to the length direction is made relatively great; and 

a group of Small-capacity through holes, each of which is 
sealed at the other end of said honeycomb structural body 
Such that the total sum of the areas on said cross section is 
made relatively small, 

a surface roughness R, of the wall face of said through hole 
being set in a range from 10 to 100 um. 
The following description will discuss the honeycomb 

structural body of the present invention. 
In the present invention, the Surface roughness (greatest 

height) R, of the wall face of the through hole, measured 
based upon JIS B 0601, is set in a range from 10 to 100 um; 
therefore, the pores and grains on the through hole wall face 
are properly placed to form appropriate irregularities so that 
the deposition state of particulates is allowed to change 
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depending on these irregularities, making it possible to 
reduce a pressure loss to a low level upon collecting particu 
lates. 

Moreover, upon carrying out a regenerating process, the 
resulting ashes are easily moved through the through holes to 
the outlet side of exhaust gases, making it possible to reduce 
clogging caused by ashes deposited on the wall face of the 
through hole; therefore, it becomes possible to effectively 
utilize the capacity of the large-capacity through hole, to 
maintain a pressure loss in a low level for a long time, to 
reduce load imposed on the engine, and consequently to 
provide a honeycomb structural body having a long service 
life. Thus, it becomes possible to cut maintenance costs 
required for back washing and the like. 

In the present invention, the mechanism that makes the 
pressure loss lower has not been sufficiently clarified; how 
ever, the mechanism is presumably explained as follows: 
The honeycomb structural body of the present invention 

has the group of large-capacity through holes and the group of 
Small-capacity through holes, and the aperture rates of the 
two end faces are different from each other. The honeycomb 
structural body of this type has such a structure that a propor 
tion of the partition wall located between the through holes 
constituting the group of large-capacity through holes 
becomes greater. In other words, a proportion of the partition 
wall located between the through holes constituting the group 
of large-capacity through holes and the through holes consti 
tuting the group of Small-capacity through holes becomes 
Smaller. 

Therefore, this structure makes it difficult for gases to 
directly flow from the through holes constituting the group of 
large-capacity through holes to the through holes constituting 
the group of small-capacity through holes. For this reason, in 
comparison with the honeycomb structural body in which the 
aperture rates of the two end faces are the same, the flow rate 
of gases flowing into the partition wall becomes greater, in the 
case of the same displacement of engines, with the result that 
high-density particulates and ashes are formed and easily 
allowed to penetrate the through holes deeply. 

In addition to the above-mentioned structure, the honey 
comb structural body of the present invention is designed to 
have a predetermined surface roughness on its through-hole 
wall face. When the surface roughness of the through-hole 
wall face is made higher to a certain degree, the deposition 
state of Soot and ashes at the corresponding portion becomes 
irregular and the gas flow is locally changed so that it is 
possible to prevent too much soot and ashes from entering the 
wall and also to easily exfoliate the Soot and ashes; thus, it 
becomes possible to avoid forming a thick deposition layer, 
and consequently to reduce the pressure loss. 

Therefore, in the honeycomb structural body of the present 
invention, although the amount of deposition of Soot and 
ashes partially increases, the Soot and ashes are easily exfo 
liated, with the result that the pressure loss becomes smaller. 

In the case when the surface roughness (greatest height) R, 
of the wall face, measured based upon JIS B 0601, exceeds 
100 um, extremely high local portions and extremely low 
local portions are present on the partition wall. Further, in the 
case when the Surface roughness is too large, since particu 
lates are deposited on the wall face of the through hole irregu 
larly, or are deposited in a manner So as to invade into the wall, 
Some portions having remaining ashes and other portions 
having no remaining ashes are formed on the wall face and 
inside the wall, and it is assumed: those portions having more 
remaining ashes are apt to have clogging and bridge forma 
tion, resulting in a high pressure loss. 
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4 
In the case when the surface roughness (greatest height) R, 

of the wall face, is less than 10 um, it is considered that the 
wall face of the through hole becomes flat, and the flat wall 
face makes it difficult for gases to flow therein, failing to 
provide the above-mentioned exfoliating effect to cause a 
high pressure loss. Moreover, in the case when particulates 
form a deposition layer on the wall face with being deposited 
onashes with a high density, the ashes are condensed (with an 
increased bulk density) and become difficult to be exfoliated. 
When it becomes difficult for gases to flow therein, it 
becomes difficult to burn the soot, resulting in a difficulty in 
carrying out a regenerating process and the Subsequent 
increase in the pressure loss. Moreover, since the honeycomb 
structural body becomes close to a compact state, even a small 
amount of particulate deposition causes an abrupt increase in 
the pressure loss, resulting in a great load on the engine and 
the Subsequent instability in the amount of discharged par 
ticulates. Consequently, the collecting state of particulates 
becomes irregular, and upon regenerating, ashes tend to form 
bridges, with the result that clogging in the pores tends to 
occur to also cause an increase in the pressure loss. 

Here, the surface roughness (greatest height) R, of the wall 
face measured based upon JIS B 0601 refers to a value 
obtained through the following processes: a standard length is 
drawn from a roughness curve in the direction of its average 
line, and with respect to the drawn portion, the distance 
between the peak line and the bottom line is measured in the 
direction of longitudinal magnification of the roughness 
curve; thus, the resulting value is indicated by a unit of Lum. 

The Effect of the Present Invention 

The honeycomb structural body of the present invention 
makes it possible to Suppress an increase in pressure loss upon 
collecting particulates. 
Moreover, the honeycomb structural body of the present 
invention also makes it possible to maintain the pressure loss 
caused by ash deposition at a low level for a long time even 
after regenerating processes, and consequently to effectively 
utilize the capacity of the large-capacity through holes; thus, 
it becomes possible to reduce a load imposed on the engine, 
and to provide a honeycomb structural body having a long 
service life. Thus, it becomes possible to cut maintenance 
costs required for back washing and the like. 

The Best Mode for Carrying Out the Present 
Invention 

A honeycomb structural body of the present invention is a 
honeycomb structural body made of a columnar porous 
ceramic block in which a large number of through holes are 
placed in parallel with one another in the length direction with 
a wall portion interposed therebetween, 

wherein 
said large number of through holes comprises: 
a group of large-capacity through holes, each of which is 

sealed at one end of said honeycomb structural body such that 
the total Sum of the areas thereof on a cross section perpen 
dicular to the length direction is made relatively great; and 

a group of Small-capacity through holes, each of which is 
sealed at the other end of said honeycomb structural body 
Such that the total sum of the areas on said cross section is 
made relatively small, 

a surface roughness R of the wall face of said through 
holes being set in a range from 10 to 100 um. 
The honeycomb structural body of the present invention is 

made of a columnar porous ceramic block in which a large 
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number of through holes are placed in parallel with one 
another in the length direction with a wall portion interposed 
therebetween, however, the porous ceramic block may be 
constituted by combining a plurality of columnar porous 
ceramic members, each having a plurality of through holes 
that are placed in parallel with one another in the length 
direction with partition wall interposed therebetween, with 
one another through sealing material layers (hereinafter, also 
referred to as an aggregated honeycomb structural body), or 
may be formed by ceramic members that are integrally sin 
tered as one unit as a whole (hereinafter, also referred to as an 
integral honeycomb structural body). 

Moreover, the honeycomb structural body may contain the 
porous ceramic block, with a sealing material layer being 
formed on the circumference thereof. 

In the case of the aggregated honeycomb structural body, 
the wall portion is constituted by a partition wall that sepa 
rates through holes of porous ceramic members, an outer wall 
of the porous ceramic member and a sealing material layer 
that serves as a bonding agent layer between the porous 
ceramic members, and in the case of the integral honeycomb 
structural body, the wall portion is formed by a partition wall 
of one kind. 

Moreover, the large number of through holes formed in the 
honeycomb structural body may comprise: a group of large 
capacity through holes, each of which is sealed at one end of 
the honeycomb structural body such that the total sum of the 
areas on a cross section perpendicular to the length direction 
is made relatively great, and a group of Small-capacity 
through holes each of which is sealed at the other end of the 
honeycomb structural body such that the total sum of the 
areas on the above-mentioned cross section is made relatively 
Small. 

Here, each of the through holes may have the same area in 
the cross section perpendicular to the length direction of the 
through holes, and the number of the through holes constitut 
ing the group of large-capacity through holes with one end 
being sealed is made greater than the number of the through 
holes constituting the group of Small-capacity through holes 
with the other end being sealed, or the area in the cross section 
perpendicular to the length direction of the through holes 
constituting the group of large-capacity through holes with 
one end being sealed may be made relatively greater, while 
the area in the cross section perpendicular to the length direc 
tion of the through holes constituting the group of Small 
capacity through holes with the other end being sealed is 
made relatively smaller. 

Further, in the latter case, not particularly limited, as long 
as the total Sum of the areas on a cross section perpendicular 
to the length direction of the through holes constituting the 
group of large-capacity through holes is made greater than the 
total Sum of the areas on the cross section perpendicular to the 
length direction of the through holes constituting the group of 
Small-capacity through holes, the number of through holes 
constituting the group of large-capacity through holes and the 
number of through holes constituting the group of Small 
capacity through holes may be the same or different from 
each other. 

Moreover, in the honeycomb structural body of the present 
invention, shapes serving as basic units are repeated, and 
from the viewpoint of the basic units, the area ratios in the 
cross section are different from each other. Therefore, in the 
case when a specific structure is included in the honeycomb 
structural body of the present invention when measurements 
are strictly carried out up to one or two cells on the circum 
ference, the calculations need to be carried out by excluding 
the one or two cells, or the calculations need to be carried out 
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6 
except for portions that are not repetitions of the basic units so 
that a determination is made as to whether or not the structure 
is included in the present invention. More specifically, for 
example, as shown in FIG. 8, a honeycomb structural body 
having any structure in which, in the case when, with respect 
to the shape of a cross section perpendicular to the length 
direction of the through holes, the cross-sectional shapes 
except for those in the vicinity of the circumference are the 
same, sealed portions and opened portion of each of the ends 
are placed in a manner so as to form a staggered pattern as a 
whole, is determined not to be included in the honeycomb 
structural body of the present invention. 

FIG. 1 is a perspective view that schematically shows a 
specific example of an aggregated honeycomb structural 
body that is one example of the honeycomb structural body of 
the present invention, FIG. 2(a) is a perspective view that 
schematically shows one example of a porous ceramic mem 
ber that forms the honeycomb structural body shown in FIG. 
1, and FIG.2(b) is a cross-sectional view taken along line A-A 
of the porous ceramic member shown in FIG. 2(a). In the 
honeycomb structural body shown in FIG. 1, the large num 
ber of through holes are constituted by two kinds of through 
holes, that is, large-capacity through holes each of which has 
a comparatively large area on the cross section perpendicular 
to the length direction and Small-capacity through holes each 
of which has a comparatively small area on the above-men 
tioned cross section. 
As shown in FIG. 1, the honeycomb structural body 10 of 

the present invention has a structure in which a plurality of 
porous ceramic members 20 are combined with one another 
through sealing material layers 14 to form a ceramic block 15. 
with a sealing material layer 13 used for preventing exhaust 
gas leak being formed on the periphery of this ceramic block 
15. Here, the sealing material layer is formed, if necessary. 

Here, in the porous ceramic member 20, a large number of 
through holes 21 are placed in parallel with one another in the 
length direction, and the through holes 21 are constituted by 
two kinds of through holes, that is, large-capacity through 
holes 21a each of which has a comparatively large area on the 
cross section perpendicular to the length direction and Small 
capacity through holes 21b each of which has a comparatively 
Small area on the above-mentioned cross section, and each of 
the large-capacity through holes 21a is sealed with a plug 22 
at the end on the exhaust-gas outlet side of the honeycomb 
structural body 10, while each of the small-capacity through 
holes 21b is sealed with a plug 22 at the end on the exhaust 
gas inlet side of the honeycomb structural body 10; thus, a 
partition wall 23, which separate these through holes, is 
allowed to function as filters. In other words, exhaust gases 
that have entered the large-capacity through holes 21a are 
allowed to flow out of the small-capacity through holes 21b 
after necessarily passing through the partition wall 23. 

In the honeycomb structural body 10 shown in FIG. 1, the 
shape is formed as a column shape; however, not particularly 
limited to the column shape, for example, any desired shape 
Such as an elliptical column shape and a rectangular pillar 
shape may be used. 

In the honeycomb structural body of the present invention, 
with respect to the material for the porous ceramic material, 
not particularly limited, examples thereof include: nitride 
ceramics such as aluminum nitride, silicon nitride, boron 
nitride and titanium nitride; carbide ceramics Such as silicon 
carbide, Zirconium carbide, titanium carbide, tantalum car 
bide and tungsten carbide; oxide ceramics such as alumina, 
Zirconia, cordierite, mullite and the like. Moreover, the hon 
eycomb structural body of the present invention may be made 
of a composite material of silicon and silicon carbide or the 
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like, or may be made of aluminum titanate. Among these, 
silicon carbide, which has high heat resistance, Superior 
mechanical properties and high thermal conductivity, is desir 
ably used. 

Although not particularly limited, the porosity of the 
porous ceramic member is preferably set in a range from 20 to 
80%. When the porosity is less than 20%, the honeycomb 
structural body of the present invention is more likely to cause 
clogging, while the porosity exceeding 80% causes degrada 
tion in the strength of the porous ceramic member, with the 
result that it might be easily broken. Since the wall face 
roughness of the through holes also varies depending on the 
porosity of the honeycomb structural body, the honeycomb 
structural body needs to be produced by taking into consid 
eration factors. Such as macroscopic flatness in which no 
pores are taken into consideration and porosity, so that the 
surface roughness (greatest height) R, of the wall face, mea 
sured based upon JIS B 0601, is set in a range from 10 to 100 
lm. 
Here, the above-mentioned porosity can be measured 

through known methods, such as a mercury press-in method, 
Archimedes method and a measuring method using a scan 
ning electronic microscope (SEM). 
The average pore diameter of the porous ceramic members 

is preferably set in a range from 1 to 100 um. The average pore 
diameter of less than 1 um tends to cause clogging of particu 
lates easily. In contrast, the average pore diameter exceeding 
100 um tends to cause particulates to pass through the pores, 
with the result that the particulates cannot be collected, mak 
ing the members unable to function as a filter. 

With respect to the particle size of ceramic particles to be 
used upon manufacturing the porous ceramic members, 
although not particularly limited, those which are less Sus 
ceptible to shrinkage in the Succeeding sintering process are 
preferably used, and for example, those particles, prepared by 
combining 100 parts by weight of particles having an average 
particle size from 0.3 to 50 um with 5 to 65 parts by weight of 
particles having an average particle size from 0.1 to 1.0 um, 
are preferably used. By mixing ceramic powders having the 
above-mentioned respective particle sizes at the above-men 
tioned blending ratio, it is possible to provide a porous 
ceramic member. 

Moreover, by adjusting the particle sizes of the above 
mentioned two kinds of powders, in particular, the particle 
size of the powder having the greater particle size, the wall 
face roughness of the through holes can be adjusted. In the 
case when an integral honeycomb structural body is pro 
duced, the same method can be used. 
The above-mentioned plug is preferably made of porous 

ceramics. 
In the honeycomb structural body of the present invention, 

since the porous ceramic member with one end sealed with 
the plug is made of porous ceramics, by making the plug 
using the same porous ceramics as the porous ceramic mem 
ber, it becomes possible to increase the bonding strength 
between the two materials, and by adjusting the porosity of 
the plug in the same manner as that of the above-mentioned 
porous ceramic member, it is possible to take the matching of 
the coefficient of thermal expansion of the porous ceramic 
member and the coefficient of thermal expansion of the plug; 
thus, it becomes possible to prevent the occurrence of a gap 
between the plug and the partition wall due to a thermal stress 
that is exerted upon production as well as upon use and the 
occurrence of a crack in the plug or the portion of the partition 
wall with which the plug comes in contact. 

In the case when the plug is made from porous ceramics, 
with respect to the material thereof, not particularly limited, 
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8 
the same material as the ceramic material forming the porous 
ceramic member may be used. 

In the honeycomb structural body of the present invention, 
the sealing material layers 13 and 14 are formed between the 
porous ceramic members 20 as well as on the periphery of the 
ceramic block 15. Further, the sealing material layer 14, 
formed between the porous ceramic members 20, also serves 
as a bonding agent that binds a plurality of porous ceramic 
members 20 with one another, and the sealing material layer 
13, formed on the periphery of the ceramic block 15, serves as 
a sealing material used for preventing leak of exhaust gases 
from the peripheral portion of the ceramic block 15, when the 
honeycomb structural body 10 of the present invention is 
placed in an exhaust passage of an internal combustion 
engine. 

With respect to the material for forming the sealing mate 
rial layer, not particularly limited, examples thereof include 
an inorganic binder, an organic binder and inorganic fibers 
and/or inorganic particles. 

Here, as described above, in the honeycomb structural 
body of the present invention, the sealing material layer is 
formed between the porous ceramic members as well as on 
the periphery of the ceramic block; and these sealing material 
layers may be made from the same material or materials 
different from each other. Moreover, in the case when the 
sealing material layers are made from the same material, the 
blending ratios of the materials may be the same or different 
from each other. 

With respect to the inorganic binder, for example, silicasol, 
alumina sol and the like may be used. Each of these may be 
used alone or two or more kinds of these may be used in 
combination. Among the inorganic binders, silica sol is more 
preferably used. 

With respect to the organic binder, examples thereof 
include polyvinyl alcohol, methyl cellulose, ethyl cellulose 
and carboxymethyl cellulose. Each of these may be used 
alone or two or more kinds of these may be used in combi 
nation. Among the organic binders, carboxymethyl cellulose 
is more preferably used. 

With respect to the inorganic fibers, examples thereof 
include ceramic fibers, such as silica-alumina, mullite, alu 
mina and silica. Each of these may be used alone or two or 
more kinds of these may be used in combination. Among the 
inorganic fibers, silica-alumina fibers are more preferably 
used. 

With respect to the inorganic particles, examples thereof 
include carbides, nitrides and the like, and specific examples 
include inorganic powder or whiskers made from silicon car 
bide, silicon nitride, boron nitride and the like. Each of these 
may be used alone, or two or more kinds of these may be used 
in combination. Among the inorganic fine particles, silicon 
carbide having superior thermal conductivity is preferably 
used. 
The sealing material layer 14 may be made from a compact 

material or may be made from a porous materialso as to allow 
exhaust gases to flow therein; however, the sealing material 
layer 13 is preferably made from a compact material. This is 
because the sealing material layer 13 is formed so as to 
prevent leak of exhaust gases from the periphery of the 
ceramic block 15 when the honeycomb structural body 10 of 
the present invention is placed in an exhaust passage of an 
internal combustion engine. 

FIG.3(a) is a perspective view that schematically shows a 
specific example of an integral honeycomb structural body 
that is one example of a honeycomb structural body of the 
present invention, and FIG. 3(b) is a cross-sectional view 
taken along line B-B of FIG. 3(a). Here, in the honeycomb 
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structural body shown in FIG. 3, a large number of through 
holes are constituted by two kinds of through holes, that is, 
large-capacity through holes each of which has an area on a 
cross section perpendicular to the length direction that is 
relatively greater, and Small-capacity through holes each of 
which has an area on the cross section that is relatively 
Smaller. 
As shown in FIG.3(a), the honeycomb structural body 30 

includes a columnar porous ceramic block 35 in which a large 
number of through holes 31 are placed in parallel with one 
another in the length direction with a partition wall 33 inter 
posed therebetween. The through holes 31 are constituted by 
two kinds of through holes, that is, large-capacity through 
holes 31a each of which has an area on a cross section per 
pendicular to the length direction that is relatively greater, and 
Small-capacity through holes 31b each of which has an area 
on the cross section perpendicular to the length direction that 
is relatively smaller, and each of the large-capacity through 
holes 31a is sealed with a plug 32 at an end on the exhaust-gas 
outlet side of the honeycomb structural body 30, while each 
of the small-capacity through holes 31b is sealed with a plug 
32 at an end on the exhaust-gas inlet side of the honeycomb 
structural body 30, so that a partition wall 33 that separate the 
through holes 31 is allowed to serve as filters. 

Although not shown in FIG.3, a sealing material layer may 
beformed on the circumference of the porous ceramic block 
35 in the same manner as the honeycomb structural body 10 
shown in FIG. 1. 

Except that the porous ceramic block 35 has an integral 
structure formed through a sintering process, the honeycomb 
structural body 30 has the same structure as the aggregated 
honeycomb structural body 10 so that exhaust gases that have 
entered the large-capacity through holes 31a are allowed to 
flow out of the small-capacity through holes 31b after passing 
through the partition wall 33 that separates the through holes 
31. Therefore, the integral honeycomb structural body 30 also 
has the same effects as those of the aggregated honeycomb 
structural body. 

In the same manner as the aggregated honeycomb struc 
tural body 10, the shape and size of the integral honeycomb 
structural body 30 may also be determined desirably, and the 
porosity thereof is preferably set in a range from 20 to 80%, 
with the pore diameter being preferably set in a range from 1 
to 100 um, in the same manner as the aggregated honeycomb 
structural body. 

With respect to the porous ceramics constituting the porous 
ceramic block 35, not particularly limited, the same nitride, 
carbide and oxide ceramics used in the aggregated honey 
comb structural body may be proposed, and in general, oxide 
ceramics such as cordierite are used. These materials make it 
possible to cut manufacturing costs, and since these materials 
have a comparatively small coefficient of thermal expansion, 
it is possible to make the honeycomb structural body less 
Susceptible to damage due to a thermal stress that is exerted 
during production as well as during use. 
The plug 32 to be used in the integral honeycomb structural 

body 30 is also preferably made from porous ceramics, and 
with respect to the material thereof, although not particularly 
limited, for example, the same materials as the ceramic mate 
rials used for forming the above-mentioned porous ceramic 
block 35 may be used. 

In the honeycomb structural body of the present invention 
having the structures as shown in FIGS. 1 and 3, the density of 
the through holes on the cross section perpendicular to the 
length direction is preferably set in a range from 15.5 to 62 
(pcs/cm). 
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When the density of the through holes on the cross section 

perpendicular to the length direction exceeds 62 (pcs/cm), 
the cross-sectional area of each of the through holes becomes 
too small, with the result that ashes tend to form bridges to 
cause clogging; in contrast, in the case when the density of the 
through holes is less than 15.5 (pcs/cm), since the filtering 
area reduces in the honeycomb structural body as a whole, the 
pressure loss, caused upon collecting particulates, becomes 
greater, resulting in a great load on the engine and the Subse 
quent instability in the discharge amount of particulates. Con 
sequently, the collecting state of particulates also becomes 
unstable, with the result that upon regenerating, ashes tend to 
form bridges to cause clogging in the pores and the Subse 
quent increase in the pressure loss. 

Moreover, in the above-mentioned honeycomb structural 
body, the shape of a cross-section perpendicular to the length 
direction of each of those through holes (large-capacity 
through holes and/or Small-capacity through holes) is prefer 
ably formed into a polygonal shape, more preferably, a quad 
rangle or an octagon. 

This polygonal shape eliminates portions of the through 
hole that cause greater friction when exhaust gases are 
allowed to pass through the large-capacity through hole and/ 
or the Small-capacity through hole due to the shape of the 
through hole, and consequently reduces a pressure loss 
caused by the friction of exhaust gases upon passing through 
the through hole, and also eliminates portions of a partition 
wall with irregular thicknesses, that is, portions that locally 
make it difficult for exhaust gases to pass through so as to 
reduce a pressure loss caused by resistance of a partition wall 
exerted when exhaust gases pass through the partition wall; 
thus, the polygonal shape is allowed to exert either of the 
above-mentioned effects. 

Moreover, among polygonal shapes, a polygonal shape of 
a quadrangle or more is preferably used, and at least one of the 
corners is preferably formed as an obtuse angle. With this 
arrangement, it becomes possible to reduce a pressure loss 
caused by friction of exhaust gases upon flowing through the 
through hole inlet side or friction of exhaust gases upon 
flowing through the through hole outlet side. 

Furthermore, on the cross section perpendicular to the 
length direction, at least one angle at which a wall portion, 
shared by one large-capacity through hole and an adjacent 
large-capacity through hole, and a wall portion shared by one 
large-capacity through hole and an adjacent Small-capacity 
through hole, are caused to intersect with each other is pref 
erably set to an obtuse angle. 
The vicinity of each of corners on the cross section of the 

large-capacity through hole and/or the Small-capacity 
through hole is preferably formed by a curved line. By form 
ing the corner into a curved line, it becomes possible to 
prevent occurrence of cracks caused by a stress concentration 
at the corner. 

In the present invention, the ratio of areas (the group of 
large-capacity through holes/the group of Small-capacity 
through holes) on the cross section between the group of 
large-capacity through holes and the group of Small-capacity 
through holes is preferably set in a range from 1.01 to 6. 
When the ratio of areas (the group of large-capacity 

through holes/the group of Small-capacity through holes) 
exceeds 6, the capacity of the group of small-capacity through 
holes becomes too small, with the result that the pressure loss, 
caused by friction upon passing through the through-hole 
outlet side and resistance upon passing through the partition 
wall, increases to cause an increase in the initial pressure loss. 
The ratio of the areas (the group of large-capacity through 
holes/the group of small-capacity through holes) is preferably 
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set in a range from 1.2 to 5. More preferably, the ratio of the 
areas (the group of large-capacity through holes/the group of 
Small-capacity through holes) is set in a range from 1.2 to 3.0. 

Moreover, the ratio of areas (the group of large-capacity 
through holes/the group of Small-capacity through holes) on 
the cross section between the group of large-capacity through 
holes and the group of Small-capacity through holes is pref 
erably set in a range from 1.01 to 6. The ratio of areas (the 
group of large-capacity through holes/the group of Small 
capacity through holes) is also referred to as an aperture ratio. 
When the aperture ratio exceeds 6, the capacity of the 

group of Small-capacity through holes becomes too small, 
with the result that the pressure loss, caused by friction upon 
passing through the through-hole outlet side and resistance 
upon passing through the partition wall, increases to cause an 
increase in the initial pressure loss. The above-mentioned 
aperture ratio is preferably set in a range from 1.2 to 5. 
Moreover, the above-mentioned aperture ratio is more pref 
erably set in a range from 1.2 to 3.0. 

FIGS. 4(a) to 4(d) as well as FIGS. 5(a) to 5(f) are cross 
sectional views each of which schematically shows one por 
tion of the cross section of a porous ceramic member consti 
tuting the aggregated honeycomb structural body in 
accordance with the present invention, and FIG. 6 is a cross 
sectional view that schematically shows a cross section of a 
porous ceramic member constituting the integral honeycomb 
structural body in accordance with the present invention. 
Here, regardless of the integral type and the aggregated type, 
the shapes of the cross sections of the large-capacity through 
hole and the Small-capacity through hole are respectively the 
same; therefore, referring to these Figures, the cross-sectional 
shapes of the large-capacity through hole and the Small-ca 
pacity through hole in the honeycomb structural body of the 
present invention are explained. 

In FIG. 4(a), the aperture ratio is almost 1.55, in FIG. 4(b), 
it is almost 2.54, in FIG. 4(c), it is almost 4.45 and in FIG. 
4(d), it is almost 6.00. Moreover, in FIGS.5(a),5(c) and5(e), 
all the aperture ratios are almost 4.45, in FIGS. 5(b), 5(d) and 
5(f), all the aperture ratios are almost 6.0, and in FIG. 6, the 
aperture ratio is 3.0. 

In FIGS. 4(a) to 4(d), each of the cross-sectional shapes of 
the large-capacity through holes is an octagon, and each of the 
cross-sectional shapes of the Small-capacity through holes is 
a quadrangle (square), and these are alternately arranged; 
thus, by changing the cross-sectional area of each of the 
Small-capacity through holes, with the cross-sectional shape 
of each of the large-capacity through holes being slightly 
changed, it is possible to desirably change the aperture ratio 
easily. In the same manner, with respect to the honeycomb 
filters shown in FIGS. 5 and 6, the aperture ratios thereof can 
be desirably changed. 

Here, in honeycomb structural bodies 160 and 260 shown 
in FIGS. 5(a) and 5(b), each of the cross-sectional shapes of 
the large-capacity through holes 161a and 261a is a pentagon 
with three corners thereof being set to almost right angles, and 
each of the cross-sectional shapes of the Small-capacity 
through holes 161b and 261b is a quadrangle, and the respec 
tive quadrangles are placed at portions of a greater quad 
rangle, which diagonally face each other. Honeycomb struc 
tural bodies 170 and 270, shown in FIGS. 5(c) and5(d), have 
modified shapes of the cross sections shown in FIGS. 4(a) to 
4(d) so that each partition wall shared by each of the large 
capacity through holes 171a, 271a and each of the small 
capacity through holes 171b, 271b is expanded toward the 
Small-capacity through hole side with a certain curvature. 
This curvature may be arbitrarily set. 
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In this case, the curved line, which constitutes the partition 

wall shared by each of the large-capacity through holes 171a, 
271a and each of the small-capacity through holes 171b, 
271b, corresponds to 4 of a circle. 

In honeycomb structural bodies 180 and 280 shown in 
FIGS. 5(e) to 5(f), the large-capacity through holes 181a, 
281a and the small-capacity through holes 281b, 281b are 
formed into quadrangles (rectangular shapes), and as shown 
in Figures, these through holes are arranged so that, when the 
two large-capacity through holes and the two small-capacity 
through holes are combined with one another, an almost 
square shape is formed. 

In a honeycomb structural body 60 shown in FIG. 6, a 
square-shaped Small-capacity through hole 61b is formed at 
each of portions corresponding to crossing points of a rect 
angular arrangement, and each large-capacity through hole 
61a has a square shape with four corners being chipped with 
Small quadrangles, and a partition wall 62a and 62b separat 
ing these are formed. 

In the present invention, the distance between centers of 
gravity of cross sections perpendicular to the length direction 
of adjacent large-capacity through holes is preferably 
designed to be equal to the distance between centers of grav 
ity of cross sections perpendicular to the length direction of 
adjacent Small-capacity through holes. 
The term “the distance between centers of gravity of the 

cross sections of adjacent large-capacity through holes' rep 
resents a Smallest distance between the center of gravity on a 
cross section perpendicular to the length direction of one 
large-capacity through hole and the center of gravity on a 
cross section perpendicular to the length direction of an adja 
cent large-capacity through hole; and the term “the distance 
between centers of gravity of the cross sections of adjacent 
Small-capacity through holes' represents a smallest distance 
between the center of gravity on a cross section perpendicular 
to the length direction of one Small-capacity through hole and 
the center of gravity on a cross section perpendicular to the 
length direction of an adjacent Small-capacity through hole. 

In the case when the above-mentioned two distances 
between centers of gravity are equal to each other, since heat 
is uniformly dispersed upon regenerating, it is possible to 
prevent the temperature inside the honeycomb structural 
body from being locally distributed in a biased manner, and 
consequently to provide a filter having Superior durability 
free from cracks caused by a thermal stress, even after a 
long-term use. 
When the honeycomb structural body of the present inven 

tion is used as a filter, collected particulates are gradually 
deposited on the inside of each of the through holes consti 
tuting the honeycomb structural body. 

In the present invention, since the Surface roughness (great 
est height) R, of the wall face of the through hole, measured 
based upon JISB0601, is set in a range from 10 to 100 um, the 
pores and grains on the through hole wall face are properly 
placed to form appropriate irregularities so that particulates 
are allowed to deposit on the wall face of each through hole 
uniformly because of Such appropriate irregularities; thus, it 
becomes possible to suppress the pressure loss upon collect 
ing particulates to a low level. 

Moreover, as the amount of deposited particulates becomes 
greater, the pressure loss increases gradually, and when it 
exceeds a predetermined value, the load imposed on the 
engine becomes too high; therefore, the filter is regenerated 
by burning the particulates. 

In addition to carbon and the like that are burned to disap 
pear, the particulates include metals and the like that form 
oxides when burned, with the result that even after the par 
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ticulates have been burned, the oxides and the like of these 
metals remain in the filter as ashes. 
The way how the ashes remain is greatly influenced by the 

filter structure and the like; however, in the present invention, 
since the surface roughness (greatest height) R, of the wall 5 
face of the through hole, measured based upon JIS B 0601, is 
set in a range from 10 to 100 um, as described above, the ashes 
are easily moved to the exhaust-gas outlet side through the 
through holes upon carrying out the regenerating process so 
that the wall face of each through hole becomes less suscep 
tible to clogging; therefore, the capacity of each large-capac 
ity through hole is effectively utilized, the pressure loss is 
maintained in a low level for a long time to reduce the load 
imposed on the engine, and it becomes possible to provide a 
honeycomb structural body having a long service life. Con 
sequently, it becomes possible to cut maintenance costs 
required for back washing and the like. 
The following description will discuss one example of a 

manufacturing method for the honeycomb structural body of 20 
the present invention. In the case when the structure of the 
honeycomb structural body of the present invention is pre 
pared as an integral honeycomb structural body constituted 
by one sintered body as a whole as shown in FIG. 3, first, an 
extrusion molding process is carried out by using the above- 25 
mentioned material paste mainly composed of ceramics to 
manufacture a ceramic formed body having almost the same 
shape as the honeycomb structural body 30 shown in FIG. 3. 

In this case, metal molds to be used for extrusion-molding 
two types of through holes, that is, for example, the large- 30 
capacity through holes and the Small-capacity through holes, 
are properly selected in association with the density of each of 
the through holes. 

With respect to the material paste, not particularly limited 
as long as the porosity of the porous ceramic block that has 35 
been manufactured is set in a range from 20 to 80%, for 
example, the aforementioned material, prepared by adding a 
binder and a dispersant solution to powder made from ceram 
ics, may be used. 

With respect to the above-mentioned binder, not particu- 40 
larly limited, examples thereof include: methylcellulose, car 
boxy methylcellulose, hydroxy ethylcellulose, polyethylene 
glycol, phenolic resin, epoxy resin and the like. 

In general, the blended amount of the above-mentioned 
binder is preferably set to 1 to 10 parts by weight with respect 45 
to 100 parts by weight of ceramic powder. 

With respect to the dispersant solution, not particularly 
limited, examples thereof include: an organic solvent Such as 
benzene: alcohol Such as methanol; water and the like. 
An appropriate amount of the above-mentioned dispersant 50 

solution is mixed therein so that the viscosity of the material 
paste is set within a fixed range. 

These ceramic powder, binder and dispersant Solution are 
mixed by an attritor or the like, and sufficiently kneaded by a 
kneader or the like, and then extrusion-molded so that the 55 
above-mentioned ceramic formed body is manufactured. 

Moreover, a molding auxiliary may be added to the mate 
rial paste, if necessary. 

With respect to the molding auxiliary, not particularly lim 
ited, examples thereof include: ethylene glycol, dextrin, fatty 60 
acid soap, polyalcohol and the like. 

Furthermore, a pore-forming agent, such as balloons that 
are fine hollow spheres composed of oxide-based ceramics, 
spherical acrylic particles and graphite, may be added to the 
above-mentioned material paste, if necessary. 65 

With respect to the above-mentioned balloons, not particu 
larly limited, for example, alumina balloons, glass micro 

10 

15 

14 
balloons, shirasuballoons, fly ash balloons (FAballoons) and 
mullite balloons may be used. Among these, fly ash balloons 
are more preferably used. 

In the honeycomb structural body of the present invention, 
the surface roughness R, of the wall face of the through hole, 
measured based upon JIS B 0601, is set in a range from 10 to 
100 um; therefore, in order to allow the through-hole wall 
face of the produced honeycomb structural body to have a 
roughened surface having the above-mentioned roughness, 
the through-hole Surface forming portion of a metal mold to 
be used for the extrusion molding process is roughened 
through an appropriate method. 
The Surface roughness can be changed by changing drying 

conditions in the following drying process; however, since 
cracks tend to occur in the raw molded body depending on 
conditions, preferably, drying conditions are not changed 
from those of the conventional manufacturing method. 

Moreover, by changing the density (porosity) of the hon 
eycomb structural body, the Surface roughness of the through 
hole can be changed. In this case, by changing the combina 
tion of particle sizes of two kinds of ceramic powders con 
tained in the material paste, the density of the honeycomb 
structural body can be changed. 

Next, after the above-mentioned ceramic formed body has 
been dried by using a drier Such as a microwave drier, a hot-air 
drier, a dielectric drier, a reduced-pressure drier, a vacuum 
drier and a frozen drier, predetermined through holes are 
filled with plug paste to form plugs so that a mouth-sealing 
process for plugging the through holes is carried out. 

With respect to the above-mentioned plug paste, not par 
ticularly limited as long as the porosity of a plug manufac 
tured through post-processes is set in a range from 20 to 80%, 
for example, the same material paste as described above may 
be used; however, those pastes, prepared by adding a lubri 
cant, a solvent, a dispersant and a binder to ceramic powder 
used as the above-mentioned material paste, are preferably 
used. With this arrangement, it becomes possible to prevent 
ceramics particles in the plug paste from settling in the middle 
of the sealing process. 

Next, the ceramic dried body filled with the plug paste is 
Subjected to degreasing and sintering processes under prede 
termined conditions so that a honeycomb structural body 
constituted by a single sintered body as a whole is manufac 
tured. 

Here, with respect to the degreasing and sintering condi 
tions and the like of the ceramic dried body, it is possible to 
apply conditions that have been conventionally used for 
manufacturing a honeycomb structural body made from 
porous ceramics. 
The roughness of the through-hole wall face may be 

adjusted by Subjecting the through holes of the resulting 
honeycomb structural body to a roughening process Such as a 
sand blasting process. 

In the case when the structure of the honeycomb structural 
body of the present invention is prepared as an aggregated 
honeycomb structural body constituted by a plurality of 
porous ceramic members combined with one another through 
sealing material layers as shown in FIG. 1, first, an extrusion 
molding process is carried out by using the above-mentioned 
material paste mainly composed of ceramics to manufacture 
a raw ceramic formed body having a shape like a porous 
ceramic member 20 shown in FIG. 2. At this time, in order to 
allow the through-hole wall face of the produced honeycomb 
structural body to have a roughened Surface having predeter 
mined roughness, the through-hole Surface forming portion 
of a metal mold to be used for the extrusion molding process 
is roughened through an appropriate method. 
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Here, with respect to the material paste, the same material 
paste as explained in the above-mentioned aggregated hon 
eycomb structural body may be used. 

After the above-mentioned raw molded body has been 
dried by using a microwave drier or the like to form a dried 
body, plug paste, which forms plugs, is injected into prede 
termined through holes of the dried body so that sealing 
processes for sealing the through holes are carried out. 

Here, with respect to the plug paste, the same plug paste as 
that explained in the above-mentioned integral honeycomb 
structural body may be used, and with respect to the sealing 
process, the same method as the method for the above-men 
tioned integral honeycomb structural body may be used 
except that the subject to be filled with the plug paste is 
different. 

Next, the dried body that has been subjected to the sealing 
process is subjected to degreasing and sintering processes 
under predetermined conditions so that a porous ceramic 
member in which a plurality of through holes are placed in 
parallel with one another in the length direction with a parti 
tion wall interposed therebetween is manufactured. 

Here, with respect to the conditions and the like of degreas 
ing and sintering processes for the raw molded body, those 
conditions conventionally used for manufacturing a honey 
comb structural body constituted by a plurality of porous 
ceramic members that are combined with one another 
through sealing material layers may be used. 

Next, sealing material paste to be used for forming a seal 
ing material layer 14 is applied with an eventhickness to form 
a sealing material paste layer, and on this sealing material 
paste layer, a process for laminating another porous ceramic 
member 20 is successively repeated so that a laminated body 
of porous ceramic members 20 having a rectangular pillar 
shape with a predetermined size is manufactured. 

With respect to the material for forming the sealing mate 
rial paste, since the same material as that explained in the 
honeycomb structural body of the present invention can be 
used, the description thereof is omitted. 

Next, the laminated body of the porous ceramic member 20 
is heated so that the sealing material paste layer is dried and 
solidified to form the sealing material layer 14; thereafter, by 
cutting the peripheral portion into, for example, a shape as 
shown in FIG. 1, by using a diamond cutter or the like so that 
a ceramic block 15 is manufactured. 
A sealing material layer 13 is formed on the circumference 

of the ceramic block 15 by using the sealing material paste so 
that a honeycomb structural body in which a plurality of 
porous ceramic members are combined with one another 
through sealing material layers is manufactured. 
Any of the honeycomb structural bodies thus produced 

have a pillar shape, and the structures thereof are shown in 
FIGS. 1 and 2. 

With respect to the application of the honeycomb structural 
body of the present invention, although not particularly lim 
ited, it is preferably used for exhaust gas purifying devices for 
use in vehicles. 

FIG. 7 is a cross-sectional view that schematically shows 
one example of an exhaust gas purifying device for use in 
vehicles, which is provided with the honeycomb structural 
body of the present invention. 
As shown in FIG. 7, an exhaust gas purifying device 800 is 

mainly constituted by a honeycomb structural body 80 of the 
present invention, a casing 830 that covers the external por 
tion of the honeycomb structural body 80, a holding sealing 
material 820 that is placed between the honeycomb structural 
body 80 and the casing 830 and a heating means 810 placed 
on the exhaust-gas inlet side of the honeycomb structural 
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body 80, and an introducing pipe 840, which is connected to 
an internal combustion device Such as an engine, is connected 
to one end of the casing 830 on the exhaust gas inlet side, and 
an exhaust pipe 850 externally coupled is connected to the 
other end of the casing 830. In FIG. 7, arrows show flows of 
exhaust gases. 

Moreover, in FIG. 7, the honeycomb structural body 80 
may be prepared as the honeycomb structural body 10 shown 
in FIG. 1 or as the honeycomb structural body 30 shown in 
FIG. 3. 

In the exhaust gas purifying device 800 having the above 
mentioned arrangement, exhaust gases, discharged from the 
internal-combustion system such as an engine, are directed 
into the casing 830 through the introducing pipe 840, and 
allowed to flow into the honeycomb structural body 80 
through the inlet side through holes and to pass through the 
wall portion (a partition wall); thus, the exhaust gases are 
purified, with particulates thereof being collected in the wall 
portion (a partition wall), and are then discharged outside 
through the exhaust pipe 850. 

After a large quantity of particulates have been accumu 
lated on the wall portion (the partition wall) of the honeycomb 
structural body 80 to cause an increase in pressure loss, the 
honeycomb structural body 80 is subjected to a regenerating 
process. 

In the regenerating process, a gas, heated by using aheating 
means 810, is allowed to flow into the through holes of the 
honeycomb structural body 80 so that the honeycomb struc 
tural body 80 is heated to burn and eliminate the particulates 
deposited on the wall portion (partition wall). 

Moreover, in the present invention, in addition to the 
above-mentioned method, the particulates may be burned and 
eliminated by using a post-injection system. 

Moreover, the honeycomb structural body of the present 
invention may have a catalyst capable of purifying CO, HC, 
NOx and the like in the exhaust gases. 
When such a catalyst is supported thereon, the honeycomb 

structural body of the present invention is allowed to function 
as a honeycomb structural body capable of collecting particu 
lates in exhaust gases, and also to function as a catalyst 
converter for purifying CO, HC, NOx and the like contained 
in exhaust gases. Moreover, depending on cases, the honey 
comb structural body makes it possible to lower the burning 
temperature of the particulates. 

With respect to the catalyst, examples thereof include 
noble metals such as platinum, palladium, rhodium and the 
like. The catalyst, made from a noble metal Such as platinum, 
palladium, rhodium and the like, is a so-called three-way 
catalyst, and the honeycomb structural body of the present 
invention which is provided with such a three-way catalyst is 
allowed to function in the same manner as conventionally 
known catalyst converters. Therefore, with respect to the case 
in which the honeycomb structural body of the present inven 
tion also functions as a catalyst converter, detailed description 
thereof is omitted. 

Here, with respect to the catalyst that is supported on the 
honeycomb structural body of the present invention, not par 
ticularly limited to the above-mentioned noble metal, any 
catalyst may be supported as long as it can purify CO, HC, 
NOX and the like contained in exhaust gases. 

EXAMPLES 

The following description will discuss the present inven 
tion in detail by means of examples; however, the present 
invention is not intended to be limited by these examples. 
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Example 1 

(1) Powder of C-type silicon carbide having an average 
particle size of 11 um (60% by weight) and powder of B-type 
silicon carbide having an average particle size of 0.5um (40% 
by weight) were wet-mixed, and to 100 parts by weight of the 
resulting mixture were added and kneaded 5 parts by weight 
ofan organic binder (methyl cellulose) and 10 parts by weight 
of water to obtain a mixed composition. Next, after a slight 
amount of a plasticizer and a lubricant have been added and 
kneaded therein, the resulting mixture was extrusion-molded 
by using a metal mold having a Surface roughness Ra of 10 um 
at the portions corresponding to the through holes so that a 
raw molded product, which had almost the same cross-sec 
tional shape as each of the cross-sectional shapes shown in 
FIGS. 4(a) to 4(d), was manufactured with an aperture ration 
of 2.54. 

Next, the above-mentioned raw molded product was dried 
by using a micro-wave drier to form a ceramics dried body, 
and after predetermined through holes had been filled with a 
plug paste having the same composition as the molded prod 
uct, the resulting product was again dried by using a drier, and 
then degreased at 400° C., and sintered at 2200° C. in a 
normal-pressure argon atmosphere for 3 hours to manufac 
ture a porous ceramic member 20, which was a silicon carbide 
sintered body, and had a porosity of 42%, an average pore 
diameter of 9 um, a size of 34.3 mmx34.3 mmx150 mm, the 
number of through holes of 23.3/cm and a thickness of 
almost all the partition wall 23 of 0.41 mm, with large-capac 
ity through holes and Small-capacity through holes. 

Here, on one end face of the columnar porous ceramic 
member 20, only the large-capacity through holes 21a were 
sealed with plugs, and on the other end face thereof, only the 
Small-capacity through holes 21b were sealed with plugs. 

(2) By using aheat resistant sealing material paste contain 
ing 30% by weight of alumina fibers having a fiber length of 
0.2 mm, 21% by weight of silicon carbide particles having an 
average particle size of 0.6 um, 15% by weight of silica sol, 
5.6% by weight of carboxymethyl cellulose and 28.4% by 
weight of water, a large number of the porous silicon carbide 
members were combined with one another, and this was then 
cut by using a diamond cutter to form a cylindrical shaped 
ceramic block. 

In this case, the thickness of the sealing material layers 
used for combining the porous ceramic members was 
adjusted to 1.0 mm. 

Next, ceramic fibers made from alumina Silicate (shot con 
tent: 3%, fiber length: 0.1 to 100 mm) (23.3% by weight), 
which served as inorganic fibers, silicon carbide powder hav 
ing an average particle size of 0.3 um (30.2% by weight), 
which served as inorganic particles, silica Sol (SiO2 contentin 
the sol: 30% by weight) (7% by weight), which served as an 
inorganic binder, carboxymethyl cellulose (0.5% by weight), 
which served as an organic binder, and water (39% by weight) 
were mixed and kneaded to prepare a sealing material paste. 

Next, a sealing material paste layer having a thickness of 
0.2 mm was formed on the circumferential portion of the 
ceramic block by using the above-mentioned sealing material 
paste. Further, this sealing material paste layer was dried at 
120° C. so that a cylinder-shaped honeycomb structural body 
having a diameter of 144 mm was produced. 

The Surface roughness of the wall faces constituting the 
through holes of the resulting honeycomb structural body and 
the porosity of the honeycomb structural body are shown in 
Table 1. 

Examples 2 to 6 and 11 to 13 

The same processes as Example 1 were carried out except 
that in the process (1), the cross-sectional shapes of the large 
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capacity through holes and the Small-capacity through holes 
were formed into shapes as shown in Table 1, with the wall 
thickness being set to a value shown in Table 1, so that a 
porous ceramic member was manufactured, and a honey 
comb structural body was then produced. The wall thickness, 
the surface roughness R, of through-hole wall faces, the den 
sity of the through holes and the porosity of the resulting 
honeycomb structural body are shown in Table 1. 

Example 7 

The same processes as Example 1 were carried out except 
that in the process (1), the cross-sectional shapes of the large 
capacity through holes and the Small-capacity through holes 
were formed into shapes as shown in Table 1, with the sinter 
ing conditions changed to 2000° C. and 3 hours, so that a 
porous ceramic member was manufactured, and a honey 
comb structural body was then produced. 
The wall thickness, the surface roughness R, of through 

hole wall faces, the density of the through holes and the 
porosity of the resulting honeycomb structural body are 
shown in Table 1. 

Example 8 

The same processes as Example 1 were carried out except 
that in the process (1), the cross-sectional shapes of the large 
capacity through holes and the Small-capacity through holes 
were formed into shapes as shown in Table 1, with the sinter 
ing conditions changed to 2200° C. and 1 hour, so that a 
porous ceramic member was manufactured, and a honey 
comb structural body was then produced. 
The wall thickness, the surface roughness R, of through 

hole wall faces, the density of the through holes and the 
porosity of the resulting honeycomb structural body are 
shown in Table 1. 

Example 9 

The same processes as Example 1 were carried out except 
that in the process (1), the cross-sectional shapes of the large 
capacity through holes and the Small-capacity through holes 
were formed into shapes as shown in Table 1, and that a mixed 
composition was obtained by using 100 parts by weight of a 
mixture made from 80% by weight of powder of C-type 
silicon carbide having an average particle size of 50 Lum and 
20% by weight of powder of B-type silicon carbide having an 
average particle size of 0.5 um, 15 parts by weight of an 
organic binder (methyl cellulose) and 20 parts by weight of 
water, with the sintering conditions changed to 2300° C. and 
3 hours, so that a porous ceramic member was manufactured, 
and a honeycomb structural body was then produced. 
The wall thickness, the surface roughness R, of through 

hole wall faces, the density of the through holes and the 
porosity of the resulting honeycomb structural body are 
shown in Table 1. 

Example 10 

The same processes as Example 1 were carried out except 
that in the process (1), the cross-sectional shapes of the large 
capacity through holes and the Small-capacity through holes 
were formed into shapes as shown in Table 1, and that a mixed 
composition was obtained by using 100 parts by weight of a 
mixture made from 80% by weight of powder of C-type 
silicon carbide having an average particle size of 50 Lum and 
20% by weight of powder of B-type silicon carbide having an 
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average particle size of 0.5 um, 15 parts by weight of an 
organic binder (methyl cellulose) and 20 parts by weight of 
water, with the sintering conditions changed to 2300° C. and 
6 hours, so that a porous ceramic member was manufactured, 
and a honeycomb structural body was then produced. 
The wall thickness, the surface roughness R, of through 

hole wall faces, the density of the through holes and the 
porosity of the resulting honeycomb structural body are 
shown in Table 1. 

Comparative Example 1 

The same processes as Example 1 were carried out except 
that in the process (1), the cross-sectional shapes of the large 
capacity through holes and the Small-capacity through holes 
were formed into shapes as shown in Table 1 and that the wall 
thickness was set to a value shown in Table 1 so that a porous 
ceramic member was manufactured, and a honeycomb struc 
tural body was then produced. The wall thickness, the surface 
roughness R, of through-hole wall faces, the density of the 
through holes and the porosity of the resulting honeycomb 
structural body are shown in Table 1. 

Here, the honeycomb structural body according to Com 
parative Example 1 corresponds to a honeycomb structural 
body 400 shown in FIG. 8, and the cross-sectional area of 
each of through holes 401 that are formed between wall 
portions 402 has the same value except for the end portions. 

Comparative Example 2 

The same processes as Example 1 were carried out except 
that in the process (1), the cross-sectional shapes of the large 
capacity through holes and the Small-capacity through holes 
were formed into shapes as shown in Table 1, and that a mixed 
composition was obtained by using 100 parts by weight of a 
mixture made from 60% by weight of powder of C-type 
silicon carbide having an average particle size of 11 um and 
40% by weight of powder of B-type silicon carbide having an 
average particle size of 0.5um, 5 parts by weight of an organic 
binder (methyl cellulose) and 20 parts by weight of water, 
with the sintering conditions changed to 1800° C. and 3 
hours, so that a porous ceramic member was manufactured, 
and a honeycomb structural body was then produced. 
The wall thickness, the surface roughness R, of through 

hole wall faces, the density of the through holes and the 
porosity of the resulting honeycomb structural body are 
shown in Table 1. 

Comparative Example 3 

The same processes as Example 1 were carried out except 
that in the process (1), the cross-sectional shapes of the large 
capacity through holes and the Small-capacity through holes 
were formed into shapes as shown in Table 1, and that a mixed 
composition was obtained by using 100 parts by weight of a 
mixture made from 80% by weight of powder of C-type 
silicon carbide having an average particle size of 50 um and 
20% by weight of powder of B-type silicon carbide having an 
average particle size of 0.5 um, 15 parts by weight of an 
organic binder (methyl cellulose) and 20 parts by weight of 
water, with the sintering conditions changed to 2300° C. and 
12 hours, so that a porous ceramic member was manufac 
tured, and a honeycomb structural body was then produced. 

The wall thickness, the surface roughness R, of through 
hole wall faces, the density of the through holes and the 
porosity of the resulting honeycomb structural body are 
shown in Table 1. 
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Comparative Example 4 

The same processes as Example 1 were carried out except 
that in the process (1), the cross-sectional shapes of the large 
capacity through holes and the Small-capacity through holes 
were formed into shapes as shown in Table 1, and that a mixed 
composition was obtained by using 100 parts by weight of a 
mixture made from 80% by weight of powder of C-type 
silicon carbide having an average particle size of 50 Lum and 
20% by weight of powder of B-type silicon carbide having an 
average particle size of 0.5 um, 15 parts by weight of an 
organic binder (methyl cellulose) and 20 parts by weight of 
water, with the sintering conditions changed to 2300° C. and 
24 hours, so that a porous ceramic member was manufac 
tured, and a honeycomb structural body was then produced. 
The wall thickness, the surface roughness R, of through 

hole wall faces, the density of the through holes and the 
porosity of the resulting honeycomb structural body are 
shown in Table 1. 

Reference Example 1 

The same processes as Example 1 were carried out except 
that in the process (1), the cross-sectional shapes of the large 
capacity through holes and the Small-capacity through holes 
were formed into shapes as shown in FIG. 9 so that a porous 
ceramic member was manufactured, and a honeycomb struc 
tural body was then produced. The wall thickness, the surface 
roughness R, of through-hole wall faces, the density of the 
through holes and the porosity of the resulting honeycomb 
structural body are shown in Table 1. 

Here, the honeycomb structural body according to Refer 
ence Example 1 corresponds to a honeycomb structural body 
200 shown in FIG. 9, and the through holes thereof are con 
stituted by large-capacity through holes 201 each of which 
has across section having a hexagonal shape and Small-ca 
pacity through holes 202 each of which has a cross section 
having a triangular shape, with the number of the Small 
capacity through holes 202 being set to about twice as many 
as the number of the large-capacity through holes 201. 

Reference Examples 2 and 3 

The same processes as Example 1 were carried out except 
that in the process (1), the cross-sectional shapes of the large 
capacity through holes and the Small-capacity through holes 
were formed into shapes as shown in Table 1 and that the wall 
thickness was set to a value shown in Table 1 so that a porous 
ceramic member was manufactured, and a honeycomb struc 
tural body was then produced. The wall thickness, the surface 
roughness R, of through-hole wall faces, the density of the 
through holes and the porosity of the resulting honeycomb 
structural body are shown in Table 1. 
(Evaluation Method) 
(1) Surface Roughness Measurements on Through-Hole Wall 
Face 

Each of the honeycomb structural bodies according to the 
examples, comparative examples and reference examples 
was cut in parallel with the through hole so that the through 
hole is exposed, and the Surface roughness of the through hole 
was measured by using a surface roughness measuring device 
(SURFCOM 920A, made by Tokyo Seimitsu Co., Ltd.) and 
based upon the results, the surface roughness R, was deter 
mined in compliance with JIS B 0601. Table 1 shows the 
results. 
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(2) Pressure Loss Variations 
As shown in FIG. 7, each of the honeycomb structural 

bodies of the examples, comparative examples and reference 
examples was placed in an exhaust passage of an engine to 
form an exhaust gas purifying device, and the engine was 
driven at the number of revolutions of 3000 min' and a 
torque of 50Nm for a predetermined period of time so that the 
amount of collected particulates was measured and the pres 
Sure loss was measured. The value of the initial pressure loss 
at this time and the pressure loss at the amount of collected 
particulates of 6 (g/L) are shown in Table 1. 
(3) Relationship Between the Weight of Ashes and Pressure 
Loss 

As shown in FIG. 7, each of the honeycomb structural 
bodies of the examples, comparative examples and reference 
examples was placed in an exhaust passage of an engine to 
form an exhaust gas purifying device, and the engine was 
driven at the number of revolutions of 3000 min' and a 
torque of 50 Nm for a predetermined period of time; thereaf 
ter, experiments for repeating regenerating processes were 
carried out so that the weight of ashes accumulated in the 
through holes constituting the honeycomb structural body 
was measured and the pressure loss of the honeycomb struc 
tural body was measured. The value of the pressure loss at the 
time of 150 g of accumulated ashes is shown in Table 1. 

FIG. 10 is a graph that indicates a relationship between the 
through-hole density and the pressure loss, and FIG. 11 is a 
graph that indicates a relationship between the Surface rough 
ness of the through-hole wall face and the pressure loss. 
(4) Measurements on Porosity 
The porosity was measured by using Archimedes method. 

The results are shown in Table 1. 
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As clearly indicated by the results shown in Table 1 and 

FIGS. 10 and 11, although there is no significant difference in 
the initial pressure loss in comparison with the honeycomb 
structural bodies according to comparative examples, the 
honeycomb structural bodies of examples had a smaller 
increase in the pressure loss upon collection of 6 (g/L) of 
particulates as well as upon deposition of 150 g of ashes, 
when the density of the through holes was out of the range of 
the present invention as well as when the Surface roughness of 
wall faces forming the through holes was out of the range of 
the present invention. In this manner, the present invention 
makes it possible to maintain the pressure loss upon collec 
tion of particulates at a low level and also to maintain the 
pressure loss caused by deposition of ashes at a low level for 
alongtime; thus, it becomes possible to effectively utilize the 
capacity of the large-capacity through holes, to reduce the 
load imposed on an engine, and consequently to provide a 
honeycomb structural body having a long service life. Con 
sequently, it becomes possible to cut maintenance costs 
required for back washing and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 a perspective view that schematically shows one 
example of a honeycomb structural body of the present inven 
tion. 

FIG. 2 (a) is a perspective view that schematically shows 
one example of a porous ceramic member that constitutes the 
honeycomb structural body shown in FIG. 1; and (b) is a 
cross-sectional view taken along line A-A of the porous 
ceramic member shown in (a). 

FIG. 3 (a) is a perspective view that schematically shows 
another example of the honeycomb structural body of the 
present invention; and (b) is a cross-sectional view taken 
along line B-B of the honeycomb structural body shown in 
(a). 

TABLE 1 

Surface Pressure loss 
roughness upon Pressure 
of through Initial collecting 6 loss upon 

Wall hole wall Density of pressure (g/L) of depositing 
Sectional thickness face through hole Porosity loss particulates 150g of 
shape (mm) Ry (Lm) (pcs/cm) (vol%) (kPa) (kPa) ashes (kPa) 

Example 1 FIGS. 4(a)-4-(d) 0.4 33 23.3 42 4.8 8.7 1O.O 
Example 2 FIGS. 5(c)-5(d) 0.4 33 23.3 42 4.9 8.8 10.4 
Example 3 FIG. 5 (e) 0.4 33 23.3 42 4.9 8.6 102 
Example 4 FIG. 5(f) 0.4 33 23.3 42 4.9 8.6 102 
Example 5 FIGS. 5(a)-5(b) 0.4 33 23.3 42 S.O 8.7 10.3 
Example 6 FIG. 6 0.4 33 23.3 42 5.9 9.9 10.8 
Example 7 FIGS. 4(a)-4-(d) 0.4 15 23.3 42 6.3 1O.S 14.6 
Example 8 FIGS. 4(a)-4-(d) 0.4 2O 23.3 42 S.O 9.0 10.7 
Example 9 FIGS. 4(a)-4-(d) 0.4 70 23.3 50 4.4 11.5 11.9 
Example 10 FIGS. 4(a)-4-(d) 0.4 90 23.3 50 4.4 11.7 13.2 
Example 11 FIGS. 4(a)-4-(d) 0.4 33 15.5 42 4.2 8.9 14.8 
Example 12 FIGS. 4(a)-4-(d) O.35 33 46.5 42 S.6 8.4 11.4 
Example 13 FIGS. 4(a)-4-(d) O.35 33 S4.3 42 5.8 8.2 13.8 
Comparative FIG. 8 0.4 33 23.3 42 4.6 9.1 19.3 
Example 1 

Comparative FIGS. 4(a)-4-(d) 0.4 9 23.3 42 6.9 12.0 22.5 
Example 2 

Comparative FIGS. 4(a)-4-(d) 0.4 110 23.3 50 4.0 12.0 23.0 
Example 3 

Comparative FIGS. 4(a)-4-(d) 0.4 120 23.3 55 3.9 12.1 23.3 
Example 4 
Reference FIG.9 0.4 33 23.3 42 6.7 10.7 18.6 
Example 1 

Reference FIGS. 4(a)-4-(d) 0.4 33 14.O 42 4.0 9.0 18.5 
Example 2 

Reference FIGS. 4(a)-4-(d) O.35 33 69.8 42 6.5 9.2 18.7 
Example 3 
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FIGS. 4 (a) to (d) are cross-sectional views each of which 
schematically shows a cross section perpendicular to the 
length direction of the porous ceramic member constituting 
the honeycomb structural body of the present invention. 

FIGS.5 (a) to (f) are longitudinal cross-sectional views that 
schematically show one example of the honeycomb structural 
body of the present invention. 

FIG. 6 a longitudinal cross-sectional view that schemati 
cally shows another example of the honeycomb structural 
body of the present invention. 

FIG.7 across-sectional view that schematically shows one 
example of an exhaust gas purifying device using the honey 
comb structural body of the present invention. 

FIG. 8 across-sectional view that schematically shows one 
example of a conventional honeycomb structural body. 

FIG.9 across-sectional view that schematically shows one 
example of the honeycomb structural body. 

FIG. 10 a graph that shows a relationship between the 
through-hole density and the pressure loss of honeycomb 
structural bodies according to examples, comparative 
examples and reference examples. 

FIG. 11 a graph that shows a relationship between the 
Surface roughness of through hole wall face and the pressure 
loss of the honeycomb structural bodies according to the 
examples, the comparative examples and the reference 
examples. 

EXPLANATION OF SYMBOLS 

10, 30 honeycomb structural body 
13, 14 sealing material layer 
15 ceramic block 
20, 40, 50, 70 porous ceramic member 
21a, 31a, 41a, 51a, 71a large-capacity through hole 
21b, 31b, 41b, 51b. 71b Small-capacity through hole 
22 plug 
23, 43,53, 73 partition wall 
33 wall portion 
160, 170, 180, 260,270, 280 porous ceramic member 
161a, 171a, 181a, 261a, 271a, 281a large-capacity through 

hole 
161b, 171b, 181b, 261b, 271b, 281b Small-capacity through 

hole 
163, 173, 183, 263,273,283 wall portion 
60 porous ceramic member 
61 a large-capacity through hole 
61b Small-capacity through hole 
62a, 62b wall portion 
The invention claimed is: 
1. A honeycomb structural body comprising: 
a columnar porous ceramic block comprising a plurality of 

columnar porous ceramic members combined through 
sealing material layers into the porous ceramic block, 
each of the columnar porous ceramic members having a 
plurality of through holes extending in parallel with one 
another in a length direction of the porous ceramic block 
with a partition wall portion interposed between the 
through holes, 

wherein the plurality of through holes includes a group of 
large-capacity through holes sealed at one end of the 
columnar porous ceramic block and a group of Small 
capacity through holes sealed at the other end of the 
columnar porous ceramic block, each of the large-ca 
pacity through holes has an octagonal shape in a cross 
section perpendicular to the length direction of the 
columnar porous ceramic block, each of the Small-ca 
pacity through holes has a quadrangle shape in a cross 
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section perpendicular to the length direction of the 
columnar porous ceramic block, the large-capacity 
through holes and the Small-capacity through holes are 
positioned such that the partition wall portion has a wall 
thickness which is substantially uniform between the 
through holes, the partition wall portion has a porosity of 
20% to 80%, the columnar porous ceramic block is 
configured to filter a gas from the group of large-capac 
ity through holes, through the partition wall portion and 
into the group of Small-capacity through holes, and the 
partition wall portion has a surface roughness R, in a 
range from 10 to 100 um. 

2. The honeycomb structural body according to claim 1, 
wherein the plurality of through holes has a density on a cross 
section perpendicular to the length direction which is set in a 
range from 15.5 to 62 pcs/cm. 

3. The honeycomb structural body according to claim 1, 
wherein the large-capacity through holes have a relatively 
greater area on a cross section perpendicular to the length 
direction and the Small-capacity through holes have a rela 
tively smaller area on said cross section perpendicular to the 
length direction. 

4. The honeycomb structural body according to claim 1, 
wherein the ratio of areas of cross sections of the group of 
large-capacity through holes to the group of Small-capacity 
through holes is set in a range from 1.01 to 6. 

5. The honeycomb structural body according to claim 3, 
wherein the ratio of areas of cross sections of the large 
capacity through holes to the Small-capacity through holes is 
set in a range from 1.01 to 6. 

6. The honeycomb structural body according to claim 3, 
wherein on the cross section perpendicular to the length 
direction, at least one angle at which a portion of the partition 
wall portion, shared by one of said large-capacity through 
holes and an adjacent large-capacity through hole, and a 
portion of the partition wall portion, shared by one of said 
large-capacity through holes and an adjacent one of the Small 
capacity through holes, are caused to intersect with each other 
is set to an obtuse angle. 

7. The honeycomb structural body according to claim 3, 
wherein the vicinity of each of corners on the cross section of 
at least one of the large-capacity through holes and the Small 
capacity through holes is formed by a curved line. 

8. The honeycomb structural body according to claim 3, 
wherein the distance between centers of gravity of cross 
sections perpendicular to the length direction of adjacently 
located large-capacity through holes of the group of large 
capacity through holes is set to be equal to the distance 
between centers of gravity of cross sections perpendicular to 
the length direction of adjacently located Small-capacity 
through holes of the group of Small-capacity through holes. 

9. A filter for an exhaust gas purifying device for a vehicle, 
comprising the honeycomb structural body according to 
claim 1 is installed. 

10. The honeycomb structural body according to claim 1, 
wherein the surface roughness R, of the partition wallportion 
is in a range from 15 to 90 um. 

11. The honeycomb structural body according to claim 1, 
wherein the surface roughness R, of the partition wallportion 
is in a range from 20 to 90 um. 

12. The honeycomb structural body according to claim 1, 
wherein the surface roughness R, of the partition wallportion 
is in a range from 20 to 70 um. 

13. The honeycomb structural body according to claim 1, 
wherein the large-capacity through holes having the octago 
nal shape and the Small-capacity through holes having the 
quadrangle shape are alternately positioned such that the 
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partition wall portion interposed between the through holes 15. The honeycomb structural body according to claim 1, 
forms Substantially a constant thickness. wherein the ratio of areas of cross sections of the group of 

14. The honeycomb structural body according to claim 1, large-capacity through holes to the group of Small-capacity 
wherein the ratio of areas of cross sections of the group of through holes is set in a range from 1.2 to 3. 
large-capacity through holes to the group of Small-capacity 5 
through holes is set in a range from 1.2 to 5. k . . . . 


